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Abstract 
An educated workforce is critical to IT firms’ ability to innovate and compete in the market. 
Surprisingly, there is very little research on how education contributes to the profitability of IT 
firms and how educated employees contribute to a firms’ research and development activities.  
Using theories from human capital literature, we propose a model to measure how aggregate firm 
level education impacts firms’ profits in IT industries and how the relation is moderated by a 
firm’s R&D investments. Our results suggest that education is associated with a positive firm 
performance in IT industries. We also show that the interaction effects between R&D and 
education is positive, suggesting that IT firms which invest in highly skilled employees are in a 
better position to take advantage of R&D investments.  This paper adds several new insights to the 
literature on human capital and firm performance. 
Keywords:  Education, R&D, firm performance, human capital, innovation  
 
Résumé 
Dans ce papier, nous proposons un modèle pour mesurer comment l'éducation impacte les bénéfices des entreprises 
et la façon dont la relation est modérée par les investissements en R&D des firmes. Nos résultats suggèrent que le 
niveau d'éducation est associé positivement à la performance des entreprises du secteur TIC. Nous montrons aussi 
que les entreprises qui investissent dans des travailleurs hautement qualifiés sont mieux positionnées pour retirer un 
avantage de leurs investissements en R&D. 
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Introduction 
Rapid innovation has been the engine of technological change over the last decade. No other sector of the economy 
has witness this change more firsthand than the IT sector. Firms such as Apple, Microsoft, Intel, Motorola and 
Google spend billions of dollars every year to remain ahead of others on the innovation frontier.  A key component 
of successful innovation is employee education. Highly skilled workers who can keep pace with technological 
change are in a better position to innovate in IT industries. For example, Google’s unorthodox portfolio of human 
capital is its Ph.D.-centered culture because it views people with Ph.D. degree as more passionate towards research 
activities1. IT firms are increasing hiring employees with higher education, as is evident from the salary premiums 
associated with education in these firms (Mithas and Krishnan 2008). However, few prior studies examine the 
impact of education on profitability in IT firms and also how employee education contributes to firms’ innovation 
efforts. 
It is widely agreed that IT firms need employees with higher skill levels as compared to non-IT firms. But the 
impact of having highly skilled employees on firm performance is not clear since employee skills increase both the 
benefits and the costs to an organization. On one hand, one can argue that IT firms need employees with higher 
skills to use and manage newer technologies (Autor et al. 2003). On the other hand, prior literature shows that 
compensation of employees in IT industries increases with the employees’ human capital factors such as education 
and level of experience (Levina et al. 2007).  
Human capital theory mainly looks at individual specific characteristics such as education and experience, and how 
they relate to workers’ salaries (Becker, 1975). Recent research in IT industries (Ang et al. 2002; Mithas and 
Krishnan 2008) mainly looks at the impact of individual level human capital on individual compensation. Prior 
theoretical work (Aghion and Howitt 1998) in this area suggests that human capital, of which education is a key 
component, is complementary with R&D investments. Human capital is thus considered as a key input in firms’ 
innovation capabilities. The research questions that we seek to empirically validate in this paper are as follows: 
1. What is the impact of education on firm performance in IT industries? 
2. How is the relation between education and firm performance moderated by R&D spending? 
Our main results are as follows: we show that education in a firm has a positive impact on firm performance. We 
also show that there is a positive and significant interaction effect between education and R&D spending. In other 
words, returns on R&D are higher for firms with a higher fraction of educated employees. Our research adds to prior 
work on human capital in IT industries by examining the role of education on firm performance and also how this 
relation is moderated by a firm’s R&D spending. 
The remainder of this paper is organized into four sections. In Section 2, we review the previous literature and 
develop our hypotheses. The research method is described in Section 3. In Section 4, we discuss the findings. A 
summary and conclusion is provided in Section 5. 
Literature Review and Hypotheses 
Education and Firm Performance 
Recent strategic management research contributes to the theory of the firm by proposing the resource-based view 
which states that the firm is a bundle of unique capabilities (Barney 1991; Mahoney and Pandian 1992). One key 
resource which is valuable, scarce and can help a firm retain its competitive advantage is human capital (Lado and 
Wilson 1994). Human capital theory suggests that people possess skills, knowledge, and abilities that provide 
economic value to firms (Tsang 1987). The characteristics of firm specific human capital, such as scarcity, non-
substitutability, which requires a firm to incur heavy replacement costs make human capital more valuable to firms 
(Barney 1991).  As has been extensively discussed in the human capital literature, organizations need to form a 
variety of human resource planning and work practices to manage human resource efficiently, such as recruiting 
                                                           
1 http://query.nytimes.com/gst/fullpage.htmal?res =9F00E1D81331F935A35755 
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talented employees, providing training and promoting opportunities, and developing compensation mechanisms 
(Malos and Campion 2000). 
The rapid development of technology has increasingly driven the demand for skilled employees (Doms et al. 1997; 
Falk and Seim 2001). Therefore, complementary relationship between information technology and human capital 
may be an important factor to explain the shift toward skilled labor (Falk and Seim 2001). The importance of skilled 
workers is even more significant in IT industries. As Ang et al. (2002) suggest, “IT jobs are complex, requiring 
knowledge of difficult technical concepts such as data modeling, process engineering, and design theory”. Some 
research argues that enhancing the level of human capital is particularly critical for knowledge workers who work in 
technology intensive industries because of the need to face continuous technological advancements (Parikl 2001). 
There is little prior research which considers the impact of human capital on firm profitability. Prior literature finds 
that more educated workers will make other workers more productive (Moretti 2004). However, prior research in the 
information systems area also demonstrate that there are substantial costs associated with employees who have a 
higher education or work experience (Levina and Xin 2007; Ang et al. 2002). There are potential costs imposed on 
firms to attract and retain qualified employees through human resource management practices, such as training and 
promotion. In addition, there will be replacement costs imposed on firms when qualified employees leave the firms, 
which is especially pertinent to IT industries given the high employee turnover as compared to other industries 
(Igbaria and Guimaraes 1992).  Therefore our first hypothesis is:  
H1: Education is positively associated with a higher firm performance in IT industries. 
Interaction Term: Education x R&D Intensity 
Prior literature argues that R&D capital of firms is to a large extent embodied in the employees (Møen 2005). In 
high tech industries, R&D employees are more valuable because their efforts directly influence the organization’s 
innovation capabilities (Yanadori and Marler 2006). Human capital is also associated with innovation because it 
enhances the ‘learning’ or ‘absorptive capacity’ of a firm (Cohen and Levinthal 1989). Negassi (2004) suggests that 
not only R&D activities but also highly skilled employees help to build absorptive capacity and enhance firms’ 
capacity to engage in innovation activities. Firms whose employees are highly skilled are in a better position to 
leverage this absorptive capacity.  Therefore, for technology firms to take advantage of R&D investments, they 
should make complementary investments in human capital. As Møen (2005) suggests, skilled employees are better 
placed to leverage R&D investments to produce constant innovation and growth for a firm.  
There has been little prior research which examines the interaction between R&D and education levels on firm 
performance. Ballot et al. (2001) used training as a proxy for human capital to explore the complementarities 
between human capital and R&D, but their results were inconclusive. They further speculate the education or 
experience and not training is likely to be the dominant variable which interacts with R&D, and recommend further 
studies in this area which use education or experience as a proxy for human capital. Lee et al. (2005) show that of all 
human capital variables, education has the greatest impact on R&D performance. 
Therefore, our next hypothesis is: 
H2: The impact of education on performance will be higher for firms which invest more in R&D 
Research Methods 
Empirical Model 
Our empirical model is shown in Figure 1.  
Research-in-Progress 
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Figure 1.  Research Model 
 


















                         
(1) 
Table 1 shows the descriptive statistics of our data.  
Table 1. Descriptive Statistics 




EDUCATION Ratio 0.677 0.208 0.164 1.000 
RND_INT Ratio 0.036 0.037 0.000 0.233 
ADV_INT Ratio 0.002 0.005 0.000 0.049 
LAB_INT Ratio 0.000 0.000 0.000 0.001 
CAP_INT Ratio 0.329 0.385 0.015 2.166 
VOLATILITY Ratio 0.221 0.477 -0.534 5.712 
AVG_LABOR_COST T$ 258.22 215.652 7.897 1,187.80 
EXEC_COMP T$ 6.671 1.386 2.717 10.975 
STOCKHELD Ratio 0.099 0.071 0.019 0.885 
INDEPDIRECTOR Ratio 0.134 0.161 0.000 0.571 
BOARDSIZE Number 2.205 0.205 1.609 2.944 
ROA Ratio 0.074 0.055 -0.034 0.378 
 
We measure firm performance by the variable PERFORMANCE which is the return on assets (Mehran 1995).We 
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who have at least a 4 year college degree. We measure R&D by the variable RND_INT which is the total R&D 
expenditure divided by the total revenue. 
In addition, we borrow from prior literature to include control variables in our model. Firm performance depends on 
the level of executive compensation (Anderson et al. 2000). Therefore, we add executive compensation 
(EXEC_COMP) which is measured as the logarithm of the average of all forms of compensation, including salary, 
cash bonus, stock options, and other kinds of compensation received by the executives of the firm. We include the 
following control variables in our model. We measure corporate governance by using three different variables, 
including board size (BOARDSIZE), board independence (INDEPDIRECTOR), and executive ownership 
(STOCKHELD). Board size is measured by logarithm of total number of board members. As for board 
independence, previous literature (Fama and Jensen 1983) finds that the greater ratio of outsiders on the board will 
enhance the corporate governance mechanism. Thus, we use the ratio of outside directors to total number of 
directors to measure board independence. Executive ownership is measured as the ratio of market value of stock 
share held by inside directors to total equity. Stock return volatility is also an important factor needed to be 
considered when designing compensation mechanism. If there is a greater level of stock return volatility, the 
executives need to bear higher risk. In other words, the extent of stock return volatility will influence the weight of 
stock option adopted in compensation mechanism. In addition, stock return volatility is also an indicator of 
innovation activity, which represents high risk and unpredictable characteristics (Anderson et al. 2000). We measure 
volatility as the standard deviation of previous three years of firm stock returns (VOLATILITY). In addition, we use 
managerial variables such as advertising intensity (ADV_INT = ratio of advertising expense to total revenues), 
employee intensity (LAB_INT= ratio of total number of employees to total revenues), and capital intensity 
(CAP_INT= ratio of total assets to total revenues) as controls in our model. Finally, we also control for the salary 
received by employees in the firm (AVG_LABOR_COST), which is the average salary (in ‘000 Taiwan dollars) 
received by employees in the firm.  
Sample 
We collect the data for this study from a sample of information technology industries in Taiwan. It is well known 
that Taiwan’s IT industry plays an important role in the global IT manufacturing value chain. For example, Taiwan 
is the world’s largest supplier of laptops, and liquid-crystal-display panels for flat-screen televisions2. A key factor 
behind Taiwan’s cutting edge in IT industries is the availability of highly skilled talents, including high education 
level of citizens and the large number of overseas-educated Taiwanese who have returned to the island to work3,4. 
As more and more local industries are being urged to shift from labor intensive operations to IT manufacturing and 
services due to the changing global trends, the demand for skilled employees particularly in Taiwan’s IT sector is 
vastly increasing (Han et al, 2006). The data comes from Taiwan Economic Journal (TEJ) database which includes 
financial statements data and corporate governance data. We match the observations for all the variables employed 
in the study and delete those which have missing values. After eliminating the missing values in our dataset, the total 
number of firm-year observations is 713, from 2000 to 2006. The industry-wise composition of our dataset is as 
follows: 
Table 2 Industry Sectors 
Industry Sector Frequency % of Sample 
Electronic Components 156 21.8 
Photoelectric Products 125 17.5 
Motherboard Scheme 93 13.0 
Integrated Circuits 101 14.1 
                                                           
2 http://www.nytimes.com/2008/03/22/technology/22taipark.html 
3 See Taiwan Review [57] 
4 See Dunn [5] 
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Electronic Channel 57 7.9 
Software Applications 11 1.5 
Network Modem 31 4.3 
General Electronics 34 4.7 
Consumer Electronics 34 4.7 
Communication Technologies 30 4.2 
Systematic Product and Others 41 6.3 
Total 713 100.0 
Results and Discussions 
Sample 
Since our sample is panel data, we use Fama-Macbeth method to run the regressions and employ Newey-West to 
adjust standard errors for autocorrelection [Cochrane, 2001]. As in common in prior literature [Ang et al, 2002], we 
mean-centered the EDUCATION and RND_INT variables to control for multicollinearity in models with interaction 
terms. In this section, we discuss and explain the results of our research models. The results are provided in Table 3. 
We calculate the Variance Inflation Factors (VIF) to check for collinearity. All the VIF values are less than 5, which 
rules out any problems due to multicollinearity. 
Table 3: Regression Analysis 
 ROAit ROAit VIF 
Intercept 0.0269***(0.0059) 0.0237***(0.0055)  
EDUCATIONit 0.0497*(0.0240) 0.0580**(0.0244) 2.73 
RND_INTit 0.1269(0.1945) -0.0120(0.1605) 2.87 
EDUCATIONit*RND_INTit  1.0858***(0.1099) 2.22 
ADV_INTit 0.5895(0.5108) 0.7463(0.5095) 1.09 
LAB_INTit 51.0146***(9.9725) 55.3942***(9.8343) 2.44 
CAP_INTit -0.0152(0.0084) -0.0129(0.0082) 1.63 
VOLATILITYit 0.0111**(0.0046) 0.0113**(0.0040) 1.05 
AVG_LABOR_COSTit -0.0000(0.0000) -0.0000(0.0000) 2.17 
EXEC_COMPit 0.0080***(0.0012) 0.0077***(0.0012) 1.29 
STOCKHELDit 0.2161***(0.0167) 0.2077***(0.0191) 1.24 
INDEPDIRECTORit 0.0420***(0.0102) 0.0354***(0.0079) 1.07 
BOARDSIZEit -0.0036***(0.0008) -0.0034***(0.0007) 1.31 
Adjusted R
2
 23.77 24.85  
*: Significant at 0.10.  **: Significant at 0.05.  ***: Significant at 0.01. 
 
Column 2 represents the results of the regression when we omit the interaction terms between R&D and Education. 
The coefficient of the EDUCATION variable is positive and significant providing support for Hypothesis H1.   In 
column 3 of Table 3, we report the results of the regression where we add one interaction term to our model in 
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equation 1. We interact our education variable with RND_INT variable – EDUCATION*RND_INT. We find that the 
interaction term is positive and significant, suggesting that higher average education is associated with higher 
returns to a firm’s R&D investments. This provides support for hypothesis H2.  
 
Figures 2 and 3 below show the marginal impact of education and R&D on firm performance respectively. The 
dashed line represents the coefficient in the second column (which is essentially constant) of Table 3 and the solid 
line represents the marginal impact based on equation 1 (which depends on the level of the moderating variable). 
The X-axis in Figure 2 and 3 has the decile values of the R&D intensity and education respectively.  The equations 













∂  respectively.  
Figure 2 suggests that the marginal impact of education on firm performance is increasing for different levels of 
R&D. The marginal impact of education for firms in the first and second deciles of R&D investment are close to 




Figure 2: Marginal Impact of Education on Firm Performance 
 
From Figure 3 below, it is interesting to note that the marginal impact of R&D investments on firm performance is 
negative for lower values of Education. The intuition is that less educated employees might not be able to leverage 
R&D investments adequately; therefore, the cost of investing in R&D is not matched by the increases in profits and 
overall firm performance goes down. 
 
 
Figure 3: Marginal Impact of R&D on Firm Performance 
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In addition, the result for the coefficient of EXEC_COMP variable is positive and significant in equation (1), 
suggesting that higher executive compensation is positively related to firm performance. In addition, the coefficient 
of BOARDSIZE is negative and significant suggesting that larger corporate boards are associated with a lower firm 
performance. Board with more independent directors shows a higher performance, as is evident from the positive 
coefficient of the INDEPDIRECTOR variable. Volatility (VOLATILITY) has a positive and significant coefficient, 
which suggests that volatile stock returns are positively associated with firm performance. Executive ownership 
(STOCKHELD) is positively associated with higher returns, as expected (Morck et al., 1988). Employee intensity 
(LAB_INT) is also associated with higher returns for a firm. 
Discussion and Conclusion 
This is the first study, to the best of our knowledge, which examines the impact of firm level employee education on 
performance in IT industries. This is an interesting area because while prior research associates human capital with 
innovativeness, absorptive capacity and other positive outcomes, there are very few studies which look at how 
education impacts the overall performance of a firm. This is especially relevant for IT industries because prior 
research in IT establishes that higher levels of employee education and experience are associated with higher costs 
for IT firms.  We show that higher average education in a firm leads to higher profitability, suggesting that the 
benefits of having employees with higher skills outweighs the costs associated with these highly skilled employees 
for firms in our sample.  
In addition, our examination of the interactive relationship between R&D and education shows that the impact of 
R&D on firm performance is moderated by education. Because R&D is one of the main factors influencing the 
success of innovation, firms need high quality workforce to focus on R&D processes. As more educated workforce 
is, on average, viewed as having higher comprehensive ability of learning fast and being more creative, more 
educated workforce will contribute more to increase the value of R&D outcomes. Therefore, firms are in a better 
position to leverage their R&D investments for higher profits if a higher percent of their employees are college 
educated.  
One can argue whether there is a difference between the use of human capital in IT industries and other R&D 
intensive industries such as pharmaceuticals. It is true that R&D capital is heavily concentrated in IT as well as 
science oriented industries (Chan et al. 2001). However, technological innovation is the main product in IT industry, 
hence the need for a skilled workforce focuses on IT knowledge and skills related to technology. In other R&D 
settings, such as biotechnology and pharmaceutical companies, skilled workforce focuses on its professional 
knowledge with the complementary computer skills in order to help developing new products. Therefore, we can 
expect that the impact of skilled human capital brought by technological change to have a greater influence in the 
context of IT industry than other R&D intensive industries. 
This is a research in progress and we are planning on several interesting enhancement for ICIS 2008. One, we plan 
to obtain more data to examine how the relationships proposed here change among hardware and software firms. 
Two, we plan to investigate the impact of other aspects of human capital such as experience levels of employees, 
and also the relative impact of different levels of education. Finally, we are acquiring data on the IT investments 
made by firms in our sample from a separate source. It would be interesting to see how the relation between firm 
performance and education is mediated by IT investments.  
References 
Aghion, P., and Howitt, P. Endogenous Growth Theory, MIT Press, Cambridge, 1998. 
Anderson, M., Banker, R., and Ravindran, S. “Executive Compensation in the Information Technology Industry,” 
Management Science, (46:4), 2000, pp. 530-547. 
Ang, S., Slaughter, S., and Ng, K. Y. “Human Capital and Institutional Determinants of Information Technology 
Compensation: Modeling Multilevel and Cross-Level Interactions,” Management Science (48:11), 2002, 
pp. 1427-1445. 
Autor, D., Levy, F., and Mumane, R. J. “The Skill Content of Recent Technological Change: An Empirical 
Exploration,” The Quarterly Journal of Economics (118:4), 2003, pp. 1279-1333. 
Ballot, G., Fakhfakh, F., and Taymaz, E. “Firms’ Human Capital, R&D and Performance: A Study on French and 
Swedish Firms,” Labour Economics (8:4), 2001, pp. 443-462. 
 Banker et al / Value Contributed by Education in IT firms 
  
 Twenty Ninth International Conference on Information Systems, Paris 2008 9 
Barney, J.B. “Firm Resources and Sustained Competitive Advantage,” Journal of Management (17), 1991, pp. 99-
120. 
Becker, G. S. Human Capital: A Theoretical and Empirical Analysis, with Special Reference to Education. 2d ed. 
University of Chicago Press, Chicago, 1975. 
Chan, K.C., Lakonishok, J., and Sougiannis, T. “The Stock Market Valuation of Research and Development 
Expenditures,” The Journal of Finance (6), 2001, pp. 2431-2456. 
Cochrane, J., “Asset Pricing”, Princeton University Press, 2001. 
Cohen, W. M., and Levinthal, D. A. “Innovation and Learning: The Two Faces of R&D,” The Economic Journal 
(99), 1989, pp. 569-596. 
Doms, M., Dunne, T., and Troske, K.R. “Workers, Wages, and Technology,” The Quarterly Journal of Economics 
(112:1), 1997, pp. 253-290. 
Falk, M., and Seim, K. “The Impact of Information Technology on High-Skilled Labor in Services: Evidence from 
Firm-Level Panel Data,” Economics of Innovation and New Technology (10:4), 2001, pp. 289-323. 
Fama, E., and Jensen, M. “Separation of Ownership and Control,” Journal of Law and Economics (26:2), 1983, pp. 
301-325. 
Han J, P. Chou, M. Chao, and P.M. Wright, The HR competencies-HR effectiveness link: A study in Taiwanese 
high-tech companies”, Human Resource Management, 45(3), 2006, pp. 391-406 
Igbaria, M. and Greenhaus, J.H. “Determinants of MIS Employees’ Turnover Intentions: A Structural Equation 
Model,” Communications of the ACM (35:2), 1992, pp. 34-49. 
Lado, A.A. and Wilson, M. “Human Resource Systems and Sustained Competitive Advantage,” Academy of 
Management Review (19), 1994, pp. 699-727. 
Lee, S.H., Wong, P.K., and Chong, C.L. “Human and Social Capital Explanations for R&D Outcomes,” IEEE 
Transactions on Engineering Management (52:1), 2005, pp. 59-68. 
Levina, N., and Xin, M. “Comparing IT Workers’ Compensation Across Country Contexts: Demographic, Human 
Capital, and Institutional Factors,” Information Systems Research (18:2), 2007, pp. 193-210. 
Mahoney, J.T., and Pandian, J.R. “The Resource-Based View Within the Conversation of Strategic Management,” 
Strategic Management Journal (13), 1992, pp. 363-380. 
Malos, S.B., and Campion, M.A. “Human Resource Strategy and Carrier Mobility in Professional Service Firms: A 
test of an Options-Based Model,” Academy of Management Journal (43:4), 2000, pp. 749-760.  
Mehran, H. “Executive Compensation Structure, Ownership, and Firm Performance,” Journal of Financial 
Economics (38), 1995, pp. 163-184. 
Mithas, S., and Krishnan, M.S. “Human Capital and Institutional Effects in the Compensation of Information 
Technology Professionals in the United States,” Management Science (54:3), 2008, pp. 415-428. 
Møen, J. “Is Mobility of Technical Personnel a Source of R&D Spillovers?” Journal of Labor Economics (23:1), 
2005, pp. 81-114. 
Morck, R., Shleifer, A., and Vishny, R. “Management Ownership and Market Valuation: An Empirical Analysis,” 
Journal of Financial Economics (20), 1988, pp. 293-315. 
Moretti, E. “Workers’ Education, Spillovers, and Productivity: Evidence from Plant-Level Production Functions,” 
American Economic Review (94), 2004, pp. 656-690. 
Negassi, S. “R&D Co-Operation and Innovation: A Microeconometric Study on French Firms,” Research Policy 
(33), 2004, pp. 365-384. 
Parikl, M. “Knowledge Management Framework for High-Tech Research and Development,” Engineering 
Management Journal (13:3), 2001, pp. 27-34. 
Tsang, M.C. “The Impact of Underutilization of Education on Productivity: A Case Study of the U.S. Bell 
Companies,” Economics of Education Review (6), 1987, pp. 239-254. 
Yanadori, Y., and Marler, J.H. “Compensation Strategy: Does Business Strategy Influence Compensation in High-
Technology Firms?” Strategic Management Journal (27), 2006, pp. 559-570. 
 
